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Description 

[00011 The present invention relates to an optical element which exhibits a change in incidence angle and a scanning 
optical system having the optical element. The present invention is suitable for an image forming apparatus such as 
s a laser beam printer or digital copying apparatus which has, for example, an electrophotographic process of deflecting 
a light beam emitted from a light source means by using a light deflector (deflecting means), and recording image 
information by optically scanning a scanning target surface through a scanning optical means including an optical 
element having f-6 characteristics and a microstructure lattice formed thereon. 

[0002] In a conventional scanning optical system such as a laser beam printer (LBP), a light beam which is optically 
io modulated in accordance with an image signal and emitted from a light source means is cyclically deflected by a light 
deflector formed from, e.g., a polygon mirror, and the light beam is focused into a spot on the surface of a photosensitive 
recording medium and optically scanned by an imaging optical system having f-9 characteristics. 
[0003] Fig. 13 is a sectional view (main scanning cross-section) of a conventional scanning optical system in the 
main scanning direction. 

is [0004] Referring to Fig. 1 3, a light source means 91 is formed from, for example, a semiconductor laser or the like. 
A collimator lens 92 converts a divergent light beam emitted from the light source means 91 into an almost parallel 
light beam An aperture stop 93 shapes a beam shape by limiting a light beam that passes through. A cylindrical lens 
94 has a predetermined power in only the sub-scanning direction and forms a light beam which passes through the 
aperture stop 93 into an almost line image on a deflecting surface (reflecting surface) 95a of a light deflector 95 (to be 

20 described later) within a sub-scanning cross-section. 

[0005] The light deflector 95 serving as a deflecting means is formed from, for example, a polygon mirror (rotating 
polyhedral mirror) having a tetrahedral arrangement. The light deflector 95 is rotated by a driving means (not shown) 
such as a motor at constant speed in the direction indicated by an arrow A in Fig. 13. 

[0006] A scanning lens system 96 serves as a scanning optical means having a focusing function and f-9 charac- 
25 teristics and is formed from first and second scanning lenses 96a and 96b. The scanning lens system 96 forms the 
light beam based on image information, which is reflected/deflected by the light deflector 95, into an image on a pho- 
tosensitive drum surface 97 serving as a scanning target surface, and has an optical face tangleerrorcorrection function 
of making the deflecting surface 95a of the light deflector 95 and the photosensitive drum surface 97 have a conjugate 
relationship within a sub-scanning cross-section. 

so [0007] Referring to Fig. 1 3, the divergent light beam emitted from the semiconductor laser 91 is converted into an 
almost parallel light beam by the collimator lens 92, and the light beam (light amount) is limited by the aperture stop 
93 The resultant light beam is incident on the cylindrical lens 94. Of the substantially parallel light beam incident on 
the cylindrical lens 94, the light in a main scanning cross-section emerges without any change. The light in a sub- 
scanning cross-section is focused and substantially formed into a line image (elongated in the main scanning direction) 

35 on the deflecting surface 95a of the light deflector 95. The light beam reflected/deflected by the deflecting surface 95a 
of the light deflector 95 is formed into a spot on the photosensitive drum surface 97 via the first and second scanning 
lenses 96a and 96b This light beam is then scanned on the photosensitive drum surface 97 at constant speed in the 
direction indicated by an arrow B (main scanning direction) by rotating the light deflector 95 in the direction indicated 
by the arrow A. With this operation, an image is recorded on the photosensitive drum surface 97 as a recording medium. 

40 [0008] The above conventional scanning optical system, however, has the following problems. 

[0009] Recently the scanning optical means (scanning lens system) of a scanning optical system is generally made 
of a plastic material that allows easy formation of an aspherical shape and is easy to manufacture. It is, however, 
difficult in terms of technique and cost to form an antireflection coat on the lens surface of a plastic lens. As a conse- 
quence, Fresnel reflection occurs on each optical surface. 

45 [0010] Fig 1 4 is a graph for explaining the angle dependency of reflectance and transmission when a P-polanzed 
light beam is incident on, for example, a resin optical member having refractive index n = 1.524. As shown in Fig. 14, 
the surface reflection on each optical surface increases with an increase in incidence angle. 
[0011] The first problem is therefore that surface reflected light on a lens surface without an antireflection coat is 
reflected by other optical surfaces and finally reaches a scanning target surface to produce ghosts. If one of the two 

so scanning lenses which is closer to the light deflector has a concave lens surface and a light beam incident thereon is 
nearly vertical Fresnel reflected light on this lens surface returns to the light deflector and reflected by the deflecting 
surface (reflecting surface) of the light deflector. This reflected light passes through the scanning optical means and 
reaches the scanning target surface to become a ghost. 

[0012] The second problem is that since the incidence angle of a light beam incident on the scanning optical means 
55 generally changes as It travels from an on-axls position (scanning center) to an off-axis position (scanning periphery), 
Fresnel reflection on each optical surface greatly changes to produce a difference between the light amount at an on- 
axis position and that at an off-axis position. 

[0013] Fig. 15 is a graph showing a transmission on each surface when P-polarized light beam is incident on the 
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scanning optical means in Fig. 1 3. As shown in Fig. 1 4, since the reflectance decreases (transmission increases) with 
an increase in incidence angle, the transmission of the overall system Increases from an on-axis position to an off-axis 
position. That is, the illuminance distribution on the scanning target surface also increases from an on-axis position to 
an off-axis position. 

5 [0014] According to the graph of Fig. 15, the light amount at the outermost off-axis position is larger than that at an 
on-axis position by 5%. As a result, the image output from the image forming apparatus has a density difference 
between a central portion and a peripheral portion. 

[0015] An attempt has been made to solve this problem by adjusting the diffraction efficiency of a diffraction grating 
placed in a scanning optical means as in Japanese Patent Application Laid-Open No. 2000-206445. More specifically, 
io a lattice is formed at a desired pitch with a desired power distribution to realize magnification chromatic aberration 
correction or focus correction, and the lattice height (depth) of the diffraction grating surface is property set to change 
the diffraction efficiency of diffracted light (1st-order diffracted light) to be used at an on-axis position and an off-axis 
position, thereby canceling out a change in transmission on other refracting surfaces. 

[0016] In this method, however, as the diffraction efficiency of diffracted light to be used is reduced, diffracted light 
*5 of another order (to be also referred to as unnecessary diffracted light) increases. The increased diffracted light of 
another order reaches the scanning target surface to become flare light to cause image deterioration unless the light 
is shielded by using a light-shielding wall or the like. 

[0017] It is an object of the present invention to provide an optical element which can easily adjust the amount of 
light transmitted as the incidence angle of a light beam changes and is suitably applied to an image forming apparatus 
20 such as a laser beam printer or digital copying machine having an electrophotographic process, and a scanning optical 
system having the optical element. 

[001 8] It is another object of the present invention to provide an optical element which reduces Fresnel reflection on 
a lens surface which causes Flare or ghosts without increasing any step such as a coating step, and can make the 
light amount distribution on a scanning surface uniform, and a scanning optical system having the optical element. 

25 [001 9] It is still another object of the present invention to provide an optical element which can make the illuminance 
distribution almost uniform in a wide area on an image surface, and an optical system using the optical element. 
[0020] Further object of the present invention is to provide an optical element having a microstructure lattice formed 
on at least one optical surface, wherein the microstructure lattice is formed from an arrangement for collecting a change 
in an amount of light transmitted which is caused as an incidence angle of a light beam changes from a central portion 

30 to a peripheral portion. 

[0021] In the present invention, it is preferable that the microstructure lattice is a zero-order lattice. 

[0022] In the present invention, it is preferable that the optical surface is a lens surface, diffracting surface, or mirror 

surface, and comprises a flat or curved surface. 

[0023] In the present invention, it is preferable that the microstructure lattice is integrally formed with a substrate on 
35 which the optical surface is formed. 

[0024] In the present invention, it is preferable that the arrangement for collecting the change in the amount of light 
transmitted is based on at least one of a lattice pitch, lattice depth, and lattice constant of the microstructure lattice. 
[0025] In the present invention, it is preferable that a material for the microstructure lattice is a transparent resin or 
glass material. 

40 [0026] Further object of the present invention is to provide an optical system comprising any one of above mentioned 
optical elements. 

[0027] Further object of the present invention is to provide a scanning optical system for deflecting a light beam 
emitted from light source means by using deflecting means, guiding the light beam deflected by the deflecting means 
onto a scanning surface by using scanning optical means, and scanning the scanning surface, wherein the scanning 
45 optical means includes an optical element having a microstructure lattice formed on at least one optical surface, and 
the microstructure lattice is formed from an arrangement for collecting a change in an amount of light transmitted which 
is caused as an incidence angle of a light beam incident on the optical element from an on-axis position to an off-axis 
position. 

[0028] In the present invention, it is preferable that the optical surface on which the microstructure lattice is formed 
so js a surface, of optical surfaces of the scanning optical means, which exhibits a largest change in incidence angle due 
to a field angle. 

[0029] In the present invention, it is preferable that the microstructure lattice is configured such that a direction of 
change in the total amount of light transmitted changing from a scanning center of an optical surface on which the 
microstructure lattice is provided to a scanning periphery is opposite to a direction of change in the total amount of 
55 light transmitted changing from a scanning center of an optical surface on which the microstructure lattice is not provided 
to a scanning periphery. 

[0030] In the present invention, it is preferable that the microstructure lattice is formed on all optical surfaces of the 
scanning optical means. 
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[00311 In the present invention, it is preferable that the microstructure lattice is a zero-order lattice. 
00321 In the present invention, it is preferable that each optical surface other than the surface on which the micro- 
structure lattice is formed is formed from a refracting surface or/and a reflecting surface, and the change in the total 
amount of light beam transmitted the scanning optical means is based on a transmission produced when an incidence 
s angle of a light beam changes from a scanning center to a scanning periphery on the refracting surface or/and a 
reflectance produced when an incidence angle of a light beam changes from a scanning centerto a scanning periphery 
on the reflecting surface. 

[00331 In the present invention, It is preferable that letting 6 be a scanning angle, ld(9) be the total amount of light 
transmitted through the microstructure lattice at the scanning angle 9, and lt(9) be the total amount of light transmitted, 

io at the scanning angle 6, through an optical surface other than the optical surface on which the microstructure lattice 
is formed 0.8 < (ld(6) x lt(9))/(ld(0) x lt(0)) < 1.2 is satisfied within all of the scanning angle. 
[00341 Further object of the present invention is to provide a scanning optical system for deflecting a light beam 
emitted from light source means by using deflecting means, guiding the light beam deflected by the deflecting means 
onto a scanning surface by using scanning optical means, and scanning the scanning surface, wherein the scanning 

is optical means includes an optical element having a microstructure lattice formed on at least one optical surface, and 
Pv < X/(Ns + Ni-sinei) is satisfied, where Fy is a lattice pitch at a position y from a center at which a light beam reaching 
a predetermined image height on the scanning surface passes through the microstructure lattice, X is a wavelength of 
a light beam from the light source means, 9i is an incidence angle of a light beam at the position y, Ni is a refractive 
index of a medium on an incident side of the microstructure lattice, and Ns is a refractive index of a medium on an exit 

20 side of the microstructure lattice. 

[0035] In the present invention, it is preferable that in order to reduce a light amount difference between a scanning 
center and a scanning periphery on a scanning surface, at least one of a lattice pitch, lattice depth, and lattice constant 
is determined for the microstructure lattice in accordance with an incidence angle at a position where a light beam 
reaching a predetermined image height passes through the microstructure lattice. 

25 [0036] In the present invention, it is preferable that letting Pymax be a lattice pitch determined when a maximum 
incidence angle of a light beam incident on the microstructure lattice is set to Oymax, the microstructure lattice is formed 
at a pitch P given by P < Pymax. 

[0037] In the present invention, it is preferable that at least one of a lattice pitch, lattice depth, and lattice constant 
is changed at a scanning center and a scanning periphery on the microstructure lattice in accordance with an incidence 
30 angle at a position where a light beam reaching a predetermined image height passes through the microstructure lattice 
[00381 In the present invention, it is preferable that the optical surface on which the microstructure lattice is formed 
is a surface, of optical surfaces of the scanning optical means, which exhibits a largest change in incidence angle due 

[0039]' d little present invention, it is preferable that the microstructure lattice is configured such that a direction of 
35 change in the total amount of light transmitted changing from a scanning center of an optical surface on which the 
microstructure lattice is provided to a scanning periphery is opposite to a direction of change in the total amount of 
light transmitted changing from a scanning center of an optical surface on which the microstructure lattice is not provided 
to a scanning periphery. . 
[0040] In the present invention, it is preferable that the microstructure lattice is formed on all optical surfaces of the 

40 scanning optical means. 

[0041 ] In the present invention, it is preferable that the microstructure lattice is formed on an optical surface which 
is a spherical surface, aspherical surface, rotational asymmetrical curved surface, or diffracting surface. 
[0042] In the present invention, it is preferable that the microstructure lattice is formed on a flat optical surface. 
[0043] In the present invention, it is preferable that a material for the microstructure lattice is a transparent resin or 

45 glass material. . . . . m 

[0044] Further object of the present invention is to provide an image forming apparatus comprising any one of above 
mentioned the scanning optical system, a photosensitive member placed on the scanning surface, a develop.ng device 
which develops an electrostatic latent image, formed on the photosensitive member by a light beam scanned by the 
scanning optical system, as a toner image, a transferring device which transfers the developed toner image onto a 

so transfer material, and a fixing deice which fixes the transferred toner image onto the transfer matenal. 

[0045] Further object of the present invention is to provide an image forming apparatus comprising any one of above 
mentioned scanning optical system, and a printer controller which converts code data input from an external device 
into an image signal, and inputs the image signal to the scanning optical, system. 

[0046] In the present invention, it is preferable that, when the incidence angle of the light beam to be incident to the 
55 microstructure lattice is set 8 and an amount of light transmitted on the microstracture lattice surface is set ls(8). 



0.9 <ls(9)/ls(0)<1.1 
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is satisfied. 

[0047] A number of embodiments will now be described by way of example only, with reference to the accompanying 
drawings, in which: 

5 Fig. 1 is a sectional view of the first embodiment of the present invention in the main scanning direction; 

Fig. 2 is a view showing a microstructure lattice in the first embodiment of the present invention; 
Fig. 3 is a graph showing the relationship between the lattice pitch and the incidence angle in the first embodiment 
of the present invention; 

Fig. 4 is a graph showing the relationship between the transmission and the incidence angle in the first embodiment 
io of the present invention; 

Fig. 5 is a graph showing the relationship between the image height and the transmission in the first embodiment 
of the present invention; 

Fig. 6 is a sectional view of the second embodiment of the present invention in the main scanning direction; 
Fig. 7 is a graph showing the relationship between the lattice and the transmission in the second embodiment of 
15 the present invention; 

Fig. 8 is a graph showing the relationsh ip between the image height and the transmission in the second embodiment 
of the present invention; 

Fig. 9 is a sectional view of the third embodiment of the present invention in the main scanning direction; 
Fig. 1 0 is a graph showing the relationship between the lattice depth and the transmission in the third embodiment 
20 of the present invention; 

Fig. 1 1 is a graph showing the relationship between the image height and the transmission in the third embodiment 
of the present invention; 

Fig. 12 is a sectional view of an arrangement of an image forming apparatus (electrophotographic printer) using 
a scanning optical system according to the present invention in the sub-scanning direction; 
25 Fig. 1 3 is a sectional view of a conventional scanning optical system in the main scanning direction; 

Fig. 1 4 Is a graph for explaining the incidence angle dependency of reflection and transmission of P polarization ; and 
Fig. 15 is a graph showing the relationship between the image height and the transmission of the conventional 
scanning optical system. 

30 (First Embodiment) 

[0048] An optical element according to the present invention is an optical element having a microstructure lattice 
formed on at least one optical surface. The microstructure lattice is designed to adjust a change in the amount of light 
transmitted which is caused as the incidence angle of a light beam changes from the central portion to the peripheral 
35 portion. 

[0049] The optical element of the present invention can be applied to various optical systems, e.g., a photographing 
system, projection system, and image forming system, in which the incidence angle changes from the central portion 
to the peripheral portion of the element. 

[0050] The first embodiment in which the optical element of the present invention is applied to a scanning optical 
40 system will be described next with reference to Figs. 1 to 5. Fig. 1 is a sectional view (main scanning sectional view) 
of the main part of the scanning optical system in the main scanning direction according to the first embodiment of the 
present invention. 

[0051] In this specification, the direction in which a light beam is reflected/deflected (deflected/scanned) by a de- 
flecting means is defined as a main scanning direction, and a direction perpendicular to the optical axis of the scanning 

45 optical means and the main scanning direction is defined as a sub-scanning direction. 

[0052] Referring to Fig. 1 , a light source means 1 is formed from, for example, a semiconductor laser. A collimator 
lens 2 converts the divergent light beam emitted from the light source means 1 into a substantially parallel light beam. 
An aperture stop 3 limits a light beam that passes therethrough and shapes it into a beam shape. A cylindrical lens 4 . . 
has a predetermined power only in the sub-scanning direction and forms the light beam having passed through the 

50 aperture stop 3 into an almost line image on a deflecting surface (reflecting surface) 5a of a light deflector 5 (to be 
described later) within a sub-scanning cross-section. 

[0053] The light deflector 5 serves as a deflecting means and is formed from, for example, a polygon mirror (rotating 
polyhedral mirror) having a tetrahedral arrangement. The light deflector 5 is rotated by a driving means (not shown) 
such as a motor at constant speed in the direction indicated by an arrow A in Fig. 1 . 
55 [0054] A scanning lens system 6 serves as a scanning optical means having a focusing function and f-e character- 
istics and is formed from first and second scanning lenses 6a and 6b made of a plastic material. The scanning lens 
system 6 forms the light beam based on image information, which is reflected/deflected by the light deflector 5, into 
an image on a photosensitive drum surface 7 serving as a scanning target surface, and has an optical face tangle error 
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correction function of making the deflecting surface 5a of the light deflector 5 and the photosensitive drum surface 7 
have a conjugate relationship within a sub-scanning cross-section. 

[0055] Note that a light beam from the light source means 1 may be directly incident on the light deflector 5 without 
using the optical elements 2, 3, and 4 described above. 

5 [0056J Each of the lens surfaces of the first and second scanning lenses 6a and 6b in this embodiment has a curved 
surface, i.e., a spherical or aspherical surface within the main scanning cross-section shown in Fig. 1 , and also has a 
known special aspherical surface as a base shape whose curvature changes from an on-axis position (scanning center) 
to an off-axis position (scanning periphery) within a sub-scanning cross-section perpendicular to the main scanning 
cross-section. In this embodiment, mfcrostructure lattices 8 made of a transparent resin or glass matenal (to be de- 

w scribed later) are entirely formed on an incident surface 6a1 and exit surface 6a2 of the first scanning lens 6a and an 
incident surface 6b1 and exit surface 6b2 of the second scanning lens 6b. 

[0057] In this embodiment, the divergent light beam emitted from the semiconductor laser 1 is converted into a 
substantially parallel light beam by the collimator lens 2. This light beam (light amount) is then limited by the aperture 
stop 3 and incident on the cylindrical lens 4. Of the substantially parallel light beam incident on the cylindncal lens 4, 

is the light in a main scanning cross-section emerges without any change. The light in a sub-scanning cross-section is 
focused and substantially formed into a line image (elongated in the main scanning direction) on the deflecting surface 
5a of the light deflector 5. The light beam reflected/deflected by the deflecting surface 5a of the light deflector 5 is 
formed into a spot on the photosensitive drum surface 7 via the first and second scanning lenses 6a and 6b. This light 
beam is then scanned on the photosensitive drum surface 7 at constant speed in the direction indicated by an arrow 

ao B (main scanning direction) by rotating the light deflector 5 in the direction indicated by the arrow A. With this operation, 
an image is recorded on the photosensitive drum surface 7 as a recording medium. 

[0058] In this embodiment, the semiconductor laser 1 serving as a light source is so positioned as to cause light to 
be incident as almost P-polarized light on the scanning lens system 6. That is, the semiconductor laser 1 is so positioned 
as to make its transverse mode almost parallel to the photosensitive drum surface 7. 
25 [0059] In this embodiment, as described above, the incident surface 6a1 and exit surface 6a2 of the first scan ning 
lens 6a and the incident surface 6b1 and exit surface 6b2 of the second scanning lens 6b of the scanning optical means 

6 have special aspherical surface shapes as base shapes. The microstructure lattice 8 shown in Fig. 2 is entirely formed 
on each of these surfaces. This makes it possible to arbitrarily control transmission and properly adjust the illuminance 
distribution on the scanning target surface 7. 

30 [0060] In this embodiment, the microstructure lattice 8 may be formed on a given one optical surface (having the 
highest incidence angle dependency) that most influences the illuminance distribution on the scanning target surface 

7 In addition, one or a plurality of microstructure lattices 8 may be formed to make the illuminance distribution on the 
scanning target surface 7 uniform. The microstructure lattice 8 may be formed on a spherical surface, aspherical sur- 
face rotational asymmetrical curved surface, diffracting surface, mirror surface, or flat surface. 

35 [0061 ] As shown in Fig. 2, the microstructure lattice 8 has a repetitive structure in which pairs of lattice portions 81 
and non-lattice portions 82 are arrayed in the one-dimensional direction (main scanning direction). Letting P be a lattice 
pitch equal to a length of one period of the lattice portion 81 and non-lattice portion 82, and F be a lattice constant, a 
length L of the lattice portion 81 in the array direction is given by L = F x P. Let D be the depth of the lattice. Note that 
the microstructure lattice 8 may be integrally formed with a substrate (glass substrate or transparent resin substrate) 

40 on which an optical surface is formed. , , . 

[0062] For the microstructure lattice 8, a lattice pitch P that satisfies a condition for a so-called zero-order lattice is 
selected. The microstructure lattice 8 is called SWS (subwave structure), which has a lattice pitch 1/10 to 1/100 that 
of a general diffraction grating and is designed to be used for zeroth-order light having no diffracting effect. 
[0063] A zero-order lattice is a lattice that produces no diffracted light other than zeroth-order light in a periodic 

45 microstructure lattice (see Optical Society of America Vol. 1 1 , No. 1 0/October 1 994/J. Opt. Soc. Am. A, p. 2965). 

[0064] In a periodic microstructure lattice, diffracted light is generally produced at a diffraction angle that satisfies 
the following conditional expression for diffraction: 

[0065] P(Nssin8m - Ni sinOi) = mX ...(1) where P is the lattice pitch, Ni is the refractive index (of the medium of the 
microstructure lattice) on the incident side, 0i is the incidence angle, 6m is the m-order diffraction angle, Ns is the 
so refractive index (of the medium of the microstructure lattice) on the light incidence side, m is the diffraction order, and 
\ is the operating wavelength. As is obvious from conditional expression (1), the diffraction angle is 8m £ 6^ (m = 1). 
According to Optical Society of America, a condition under which no +1st-order diffracted light is produced is defined 
as, in the case of normal incidence, 
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Therefore, 

P<Ay(Ns + Ni.sin6i) (3) 

5 

is a condition for a zero-order lattice. 

[0066] Note that at the most off-axis position, 9 +1 becomes 90° or more, and hence the lattice pitch P becomes a 
smaller pitch Pa. When the incidence angle is other than 0°, the lattice pitch P must be further reduced. 
[0067] In this embodiment, letting Py be the lattice pitch at a position y from the center of the microstructure lattice 
10 8 through which a light beam reaching a predetermined image height on the photosensitive drum surface 7 passes, A. 
be the wavelength of the light beam from the light source means 1 , 8i be the incidence angle of the light beam at the 
position y, Ni be the refractive index of the medium of the microstructure lattice 8 on the incident side, and Ns be the 
refractive index of the medium of the microstructure lattice 8 on the exit side, 

Py < A/(Ns + Ni-sinei) (4) 

[0068] Fig. 3 is a graph showing how the lattice pitch P changes as the incidence angle 6i changes when refractive 
index n (of the material of a lens) = 1 .524 and operating wavelength X - 780 nm. This graph shows the maximum pitch 

20 that satisfies the condition for a zero-order lattice; no diffracted light other than zeroth-order light is produced below 
this pitch. It is obvious from this graph that if the lattice pitch P of the microstructure lattice is 0.5 u.m when the incidence 
angle 0i is zero, i.e. , in the case of normal incidence, the lattice behaves as a zero-order lattice. If, however, the incidence 
angle 9i is 45°, the condition for a zero-order lattice is not satisfied when the lattice pitch P of the microstructure lattice 
is 0.5 jim. Obviously, when the incidence angle 6i is 45°, the lattice pitch P for a zero-order lattice must be smaller than 

25 0.35 \m. 

[0069] In the scanning optical system according to this embodiment, the Incidence angle 6i of an incident light beam 
is determined at the position y on each lens surface of the scanning lens system 6, i.e., the incident surface 6a1 and 
exit surface 6a2 of the first scanning lens 6a and the incident surface 6b1 and exit surface 6b2 of the second scanning 
lens 6b. Therefore, the maximum pitch that satisfies the condition for a zero-order lattice can be determined at each 
30 position on each lens surface. 

[0070] More specifically, letting Pymax be the lattice pitch determined when a light beam is incident on the micro- 
structure lattice 8 at a maximum incidence angle Gymax, the microstructure lattice 8 may be formed at the lattice pitch 
P given by 

35 

P < Pymax (5) 

[0071] If, therefore, maximum incidence angle eymax = 45°, since Pymax= 0.35 ujti, a pitch equal to orsmaller than 
Pymax may be set as the lattice pitch P. 

40 [0072] The above lattice constant F will be described next. It is known that when optically isotropic substance ele- 
ments, each sufficiently larger than a molecule, are regularly arrayed as particles each smaller than the wavelength 
of light, a structural birefringence effect appears. According to "Principle of Optics iii", TOKAI UNIVERSITY PRESS, 
p. 1030, a so-called rectangular lattice having a rectangular cross-section in the array direction of the lattice can be 
modeled as an assembly of lattice portions 81 , non-lattice portions 82, and parallel plates. 

45 [0073] It is apparent from this model that different refractive indexes are obtained along two axes, i.e., the lattice 
array direction and a direction perpendicular to the lattice array, with the lattice constant F and the refractive index of 
the material of the lattice portions 81 and non-lattice portions 82. If, therefore, the lattice array direction and the polar- 
ization direction of a laser used are determined, the lattice constant F can be determined. 

[0074] Assume that in this embodiment, a microstructure lattice is formed such that the lattice array direction coin- 
so cides with the polarization direction of a light beam, i.e., each groove of the lattice becomes perpendicular to the 
polarization direction of a light beam. As described above, the polarization direction of a light beam coincides with P 
polarization (a direction parallel to the drawing surface of Fig. 1). In order to avoid the influence of structural birefrin- 
gence, the lattice array direction may be made parallel or perpendicular to the polarization direction of a light beam. 
[0075] In this embodiment, the microstructure lattice Is optimized to reduce a change in the transmission of P polar- 
55 ization of zeroth-order light regardless of the incidence angle. As a consequence, with operating wavelength X = 780 
nm and refractive index n = 1 .524 of the material of each scanning lens, the shape of the microstructure lattice is 
defined as lattice pitch P = 0.3 ujti, lattice constant F = 0.65, and lattice depth D = 0.1 6 um Fig. 4 shows the transmission 
characteristic of P polarization with respect to the incidence angle with this lattice shape. In Fig.4, when the incidence 
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angle of the light beam to be incident to the microstructure lattice is set 6 and the amount of light transmitted on the 
microstructure lattice surface is set ls(6), 

ls(9=0) = 99.86%; 



ls(G-30) = 99.99%; 



ls(G=46) = 99.81%; and 



aformula0.9<ls(9)/ls(0)<1.1 

15 

are satisfied. 

[0076] This microstructure lattice 8 is formed on each optical surface, i.e., the incident surface 6a1 and exit surface 
6a2 of the first scanning lens 6a and the incident surface 6b1 and exit surface 6b2 of the second scanning lens 6b. 
Fig. 5 shows the transmission of each optical surface and the transmission of the overall system in this arrangement. 

20 [0077] As shown in Fig. 5, the microstructure lattice 8 formed on each optical surface of the scanning lens means 6 
can greatly reduce a change in the amount of light transmitted which is caused as the incidence angle changes from 
an on-axis position (scanning center) to an off-axis position (scanning periphery). This makes it possible to reduce a 
change in the total amount of lighttransmitted in the overall scanning lens means 6 and make the illuminance distribution 
on the scanning target surface 7 almost uniform. 

25 [0078] In this embodiment, a lattice pitch, lattice depth, and lattice constant are determined in accordance with the 
incidence angle at a position where a light beam reaching a predetermined image height passes through so as to 
reduce the difference between the amount of light transmitted at an on-axis position (scanning center) and that at an 
off-axis position (scanning periphery) on each optical surface. This makes it possible to provide a scanning optical 
system which can keep the illuminance distribution on the scanning target surface 7 almost uniform and output a good 

30 image. 

[0079] Note that at least one factor of a lattice pitch, lattice depth, and lattice constant is determined, the object can 
almost be achieved. 

[0080] In this embodiment, each of the lens surfaces of thefirst and second scanning lenses 6a and 6b has aspherical 
or aspherical surface within a main scanning cross-section, and also has a known special aspherical surface as a base 
35 shape whose curvature changes from an on-axis position to an off-axis position within a sub-scanning cross-section. 
However, the present invention is not limited to this shape as long as each lens is a so-called f-0 lens having a function 
(f-6 characteristics) of forming a polarized light beam into a spot on the scanning target surface 7 and scanning it at 
constant speed. 

[0081] In this embodiment, the light source means 1 is formed from a single-beam laser. However, the present in- 
40 vention is not limited to this. For example, a composite multi-beam light source may be used, which is formed by 
combining the optical paths of mono-chip multi-beam or single-beam laser having a plurality of light-emitting portions 
through a beam combining means and the like. 

[0082] In this embodiment, the semiconductor laser 1 is so positioned as to cause a light beam to be incident as 
almost P-polarized light on the scanning lens means 6. However, the present invention is not limited to this. For example, 
45 such a light beam may be incident as S-polarized light or an arbitrary polarization direction may be set. In addition, the 
shape of the microstructure lattice 8 may be optimized in accordance with the polarization direction of a light beam 
incident on the scanning lens means 6. 

[0083] In this embodiment, the lattice shape obtained by arraying rectangular cross-sections in a one-dimensionaU 
direction has been exemplified. However, the present invention is not limited to this. This shape may be optimized by 
so using triangular, trapezoidal, or wavy cross-sections and arraying them in a two-dimensional direction as well as in a 
one-dimensional direction. 

[0084] As a method of forming a microstructure lattice on a lens surface, a technique of forming the shape of a 
microstructure lattice in an injection mold and molding a microstructure lattice. 

[0085] In this embodiment, the scanning lens means 6 is comprised of two lenses. However, the present invention 
55 is not limited to this. For example, this means may be formed from a single or three or more lenses. 
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(Second Embodiment) 

[0086] Fig. 6 is a sectional view (main scanning cross-section) of the main part of the second embodiment of the 
present invention in the main scanning direction. The same reference numerals as in Fig. 1 denote the same parts in 
5 Fig. 6. 

[0087] This embodiment differs from the first embodiment in that a microstructure lattice 8 is formed on only an 
incident surface 16a1 of a first lens 16a of a scanning optical means 16. Other arrangements and optical effects are 
the same as those in the first embodiment, and hence the same effects as those of the first embodiment are obtained. 
[0088] Referring to Fig. 6, the scanning lens system 1 6 serves as a scanning optical means having a focusing function 

10 and f-0 characteristics. The scanning optical means 1 6 is formed from two scanning lenses, i.e., first and second lenses 
1 6a and 1 6b, made of a plastic material. The scanning lens means 1 6 forms the light beam based on image information, 
which Is reflected/deflected by a light deflector 5, into an image on a photosensitive drum surface 7 serving as a 
scanning target surface, and has an optical face tangle error correction function of making a deflecting surface 5a of 
the light deflector 5 and the photosensitive drum surface 7 have a conjugate relationship within a sub-scanning cross- 

15 section. 

[0089] In this embodiment, each of the lens surfaces of the first and second scanning lenses 16a and 16b has a 
curved surface, i.e., a spherical or aspherical surface within a main scanning cross-section in Fig. 6, and also has a 
known special aspherical surface as a base shape whose curvature changes from an on-axis (scanning center) position 
to an off-axis position (scanning periphery) within a sub-scanning cross-section. 
20 [0090] In this embodiment, as descried above, the microstructure lattice 8 is formed on only the incident surface 
1 6a1 of the first lens 1 6a of the scanning optical means 1 6. 

[0091] The shape of the microstructure lattice in this embodiment is set as follows, with operating wavelength X = 
780 nm and refractive index n = 1 .524. 

[0092] A lattice pitch P is set to P = 0.3 iim for the same reason as that described in the first embodiment. In addition, 

25 as in the first embodiment, a lattice depth D is set to D = 0. 1 6 nm. 

[0093] A lattice constant F is set as follows. Fig. 7 shows the result obtained by checking the relationship between 
the lattice constant F of the microstructure lattice 8 and the amount of light transmitted through the zero-order lattice 
with incidence angle 0i = 0°, 30°, and 45°. According to this result, if the incidence angle 9i is determined, an arbitrary 
transmission can be obtained by appropriately setting the lattice constant F. 

30 [0094] In the scanning optical system according to this embodiment, the incidence angle 6i of a light beam is deter- 
mined at a position y on the lens surface of the incident surface 1 6a1 of the first lens 1 6a of the scanning optical means 
1 6. It suffices if the amount of light transmitted (transmission) through the incident surface 1 6a1 of the first lens 1 6a is 
determined on this result to make the total amount of light transmitted through the scanning optical means 16 at an 
arbitrary image height almost constant. That is, the lattice constant F may be optimized in correspondence with the 

35 incidence angle 8i such that a desired transmission is set at the position y on the incident surface 1 6a1 of the first lens 
16a. 

[0095] In other words, an optimal transmission can be set by setting different lattice constants F at an on-axis position 
(scanning center) and off-axis position (scanning periphery) on the microstructure lattice 8 in accordance with the 
incidence angle at the position where a light beam reaching a predetermined image height passes through the micro- 
40 structure lattice 8. 

[0096] Fig. 8 shows the result obtained by optimization according to the above procedure. 
Fig. 8 shows the transmission of each of optical surfaces including the incident surface 1 6a1 and exit surface 1 6a2 of 
the first lens 16a and the incident surface 16b1 and exit surface 16b2 of the scanning lens 16b and the transmission 
of the overall system. 

45 [0097] As is obvious from Fig. 8, letting 6 be the scanning angle of a deflected light beam corresponding to an arbitrary 
image height, ld(G) be the amount of light transmitted through the microstructure lattice 8 on the incident surface 1 6a1 
of the first lens 16a of the scanning optical means 16 at the scanning angle 0, and lt(8) be the total amount of light 
transmitted through the respective optical surfaces other than the surface on which the microstructure lattice 8 is formed, 
i.e., the exit surface 1 6a2 of the first lens 1 6a and the incident surface 1 6b1 and exit surface 1 6b2 of the scanning lens 

so 1 6b at the scanning angle 8, the following inequality is satisfied within the scanning angle: 

0.8 < (ld(G) x lt(6))/(ld(0) x lt(0)) < 1 .2 ...(6) (6) 

55 [0098] The illuminance distribution on the scanning target surface 7 can be kept almost uniform by making settings 
such that a change in the amount of light transmitted which is caused as the incidence angle changes from an on-axis 
position (scanning center) to an off-axis position (scanning periphery) on the microstructure lattice 8 of the scanning 
optical means 1 6 cancels out a change in the total amount of light transmitted which is caused as the incidence angle 
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changes from an on-axis position to an off-axis position on each optical surface other than the optical surf ace on which 
the microstructure lattice 8 is formed. This makes it possible to provide a scanning optical system which can output a 

roO^rXte that a change in the total amount of light transmitted through the scanning optical means 16 is based 
5 on the transmission originating from a change in the incidence angle of a light beam from a scanning center to a 
scanning periphery on a refracting surface. 

[01 00] As described above, in this embodiment, the illuminance distribution on the scanning target surface 7 is made 
almost uniform by making the field angle characteristic of the antiref lection function of the microstructure lattice 8 cancel 
out the field angle characteristic based on the transmission from an on-axis position to an off-axis position on each 
10 optical surface other than the optical surface on which the microstructure lattice 8 is formed. 

[0101] in this embodiment, the microstructure lattice 8 is set on the incident surface 1 6a1 of the first lens 1 6a of the 
scanning optical means 16. However, the present invention is not limited to this. A microstructure lattice may be set 
on another optical surface as in the embodiment described later, or microstructure lattices may be set on a plurality of 
optical surfaces. 



15 



40 



55 



(Third Embodiment) 



[01021 Fig 9 is a sectional view (main scanning cross-section) showing the main part of the third embodiment of the 
present invention in the main scanning direction, The same reference numerals as in Fig. 1 denote the same parts in 

20 51031 This embodiment differs from the first embodiment in that a microstructure lattice 8 is formed on only an 
incident surface 26b1 of a second lens 26b of a scanning optical means 26, and an optical path folding mirror 9 is 
placed between the second lens 26b and a scanning target surface 7. Other arrangements and optical effects are the 
same as those in the first embodiment, and hence the same effects as those of the first embodiment are obtained. 

25 r01 04] Referring to Fig. 9, the scanning lens system 26 serves as a scanning optical means having a focusing function 
and f-6 characteristics. The scanning optical means 26 is formed from two scanning lenses, i.e., first and second lenses 
26a and 26b made of a plastic material. The scanning lens means; 1 6 forms the light beam based on image information, 
which is reflected/deflected by a light deflector 5, into an image on a photosensitive drum surface 7 serving as a 
scanning target surface, and has an optical face tangle error correction function of making a deflecting surface 5a of 

30 the light deflector 5 and the photosensitive drum surface 7 have a conjugate relationship within a sub-scanning cross- 
section 

[0105] ' In this embodiment, each of the lens surfaces of the first and second scanning lenses 26a and 26b has a 
curved surface, i.e., a spherical or aspherical surface within a main scanning cross-section in Fig. 9, and also has a 
known special aspherical surface as a base shape whose curvature changes from an on-axis (scanning center) pos.t.on 
35 to an off-axis position (scanning periphery) within a sub-scanning cross-section. ^ t . 

[0106] In this embodiment, as described above, the microstructure lattice 8 is formed on only the incident surface 
26b1 of the first lens 26b of the scanning optical means 26. 

[0107] The shape of the microstructure lattice in this embodiment is set as follows, with operating wavelength X = 
780 nm and refractive index n = 1 .524. 

[0108] A lattice pitch P is set to P = 0.3 urn for the same reason as that described in the first embodiment. In addition, 
as in the first embodiment, a lattice depth constant F is set to F = 0.65. 
[0109] A lattice depth D is set as follows. Fig. 11 shows the result obtained by checking the relationship between the 
lattice depth D of the microstructure lattice 8 and the amount of light transmitted through the zero-order lattice with 
incidence angle 6i = 0°, 30°, and 45°. According to this result, if the incidence angle 8i is determined, an arbitrary 
45 transmission can be obtained by appropriately setting the lattice depth D. 

[0110] In the scanning optical system according to this embodiment, the incidence angle e. of a light beam is deter- 
mined at a position y on the lens surface of the incident surface 26b1 of the second lens 26b of the scanning optical 

means 26- It suffices if the amount of light transmitted.(transmission) through the incident surface 26b1 of the second 

lens 26b is determined on this result to make the total amount of light transmitted through the scanning optical means 
so 26 at an arbrtrary image height almost constant. That is, the lattice depth D may be optimized in correspondence wrth 
the incidence angle 6i such that a desired transmission is set at the position y on the incident surface 26b1 of the 
second lens 26b 

[0111] In other words, an optimal transmission can be set by setting different lattice depths D at an on-axis position 
(scanning center) and off-axis position (scanning periphery) on the microstructure lattice 8 in accordance with the 
incidence angle at the position where a light beam reaching a predetermined image height passes through the micro- 
structure lattice 8. .«..k<,»ror.e 

[0112] Fig 11 shows the result obtained by optimization according to the above procedure. Fig. 11 shows the trans- 
mission of each of optical surfaces including the incident surface 26a1 and exit surface 26a2 of the first lens 26a and 
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the incident surface 26b1 and exit surface 26b2 of the scanning lens 26b, the reflectance of the optical surface of the 
optical path folding mirror 9, and the transmission of the overall system. 

[0113] As is obvious from Fig. 11, letting 0 be the scanning angle of a deflected light beam corresponding to an 
arbitrary image height, ld(8) be the amount of light transmitted through the microstructure lattice 8 on the incident 
5 surface 26b1 of the second lens 26b of the scanning optical means 26 at the scanning angle 6, and lt(9) be the total 
amount of light transmitted at the scanning angle 9, which is calculated from the transmissions of the respective optical 
surfaces other than the surface on which the microstructure lattice 8 is formed, i.e., the incident surface 26a1 and exit 
surface 26a2 of the first lens 26a and the exit surface 26b2 of the second lens 26b and the reflectance of the reflecting 
surface of the optical path folding mirror 9, the following inequality is satisfied within the scanning angle: 

10 

0.8 < (ld(G) X lt(G))/(ld(0) X lt(0)) < 1 .2 ...(6) (6) 

[0114] The illuminance distribution on the scanning target surface 7 can be kept almost uniform by making settings 
15 such that a change in the amount of light transmitted which is caused as the incidence angle changes from an on-axis 
position (scanning center) to an off-axis-position (scanning periphery) on the microstructure lattice 8 of the scanning 
optical means 26 cancels out a change in the total amount of light transmitted which is caused as the incidence angle 
changes from an on-axis position to an off-axis position on each optical surface other than the optical surface on which 
the microstructure lattice 8 is formed. This makes it possible to provide a scanning optical system which can output a 
20 good image. 

[0115] In the above scanning optical means 26, a change in the total amount of light beam transmitted through the 
scanning optical means 26 originates from a change in transmission which is caused as the incidence angle of a light 
beam changes from a scanning center to a scanning periphery on a refracting surface and a change in reflectance 
which is caused by a change in the incidence angle of a light beam from a scanning center to a scanning periphery on 
25 a reflecting surface. 

[0116] In addition, in this embodiment, the microstructure lattice 8 is set on the incident surface 26b1 of the second 
lens 26b of the scanning optical means 26. However, the present invention is not limited to this. A microstructure lattice 
may be set on the optical surface of an optical path folding mirror having a plane diffracting or reflecting surface, or 
microstructure lattices may be set on a plurality of optical surfaces. 
30 [011 7] In the second and third embodiments, the transmission is optimized by setting different lattice constants F or 
lattice depths D at an on-axis position (scanning center) and an off-axis position (scanning periphery) on the micro- 
structure lattice 8 in accordance with the incidence angle at the position where a light beam reaching a predetermined 
image height passes through the microstructure lattice 8. However, the present invention is not limited to this. For 
example, different lattice pitches P, lattice depths D, and lattice constants F may be set altogether. 

35 

(Image Forming Apparatus) 

[01 1 8] Fig. 1 2 is a sectional view showing the main part of an image forming apparatus (electrophotographic printer) 
in a sub-scanning cross-section, which uses the scanning optical system according to the first, second, or third em- 
40 bodiment described above. Referring to Fig. 12, an image forming apparatus 104 receives code data Dc from an 
external device 117 such as a personal computer. 

This code data Dc is converted into image data (dot data) Di by the printer controller 111 in the apparatus. The image 
data Di is input to an optical scanning unit 100 having the arrangement exemplified by each of the first, second, and 
third embodiments. A light beam 103 modulated in accordance with the image data Di emerges from the optical scan- 
45 ning unit (scanning optical system) 1 00. The photosensitive surface of a photosensitive drum 1 01 is scanned with this 
light beam 103 in the main scanning direction. 

[0119] The photosensitive drum 1 01 serving as an electrostatic latent image bearing member is rotated clockwise 
by a motor 1 1 5. With this rotation.the photosensitive surface ofthe photosensitive drum 1 01 moves in the sub-scanning 
direction perpendicular to the main scanning direction. A charge roller 102 is placed above the surface of the photo- 

50 sensitive drum 1 01 to be in contact with its surface so as to uniformly charge it. The surface of the photosensitive drum 
101 charged by the charge roller 102 is irradiated with the light beam 103 scanned by the optical scanning unit 100. 
[0120] As described, the light beam 103 is modulated on the basis of the image data Di. By irradiating the surface 
of the photosensitive drum 101 with this light beam 103, an electrostatic latent image is formed on the surface. This 
electrostatic latent Image is developed into a toner image by a developing device 107 placed downstream from the 

55 irradiation position of the light beam 103 within a rotating cross-section of the photosensitive drum 101 so as to be in 
contact with the photosensitive drum 101 . 

[0121] The toner image developed by the developing device 1 07 is transferred onto a paper sheet 112 serving as a 
transfer member by a transferring roller (transferring device) 108. The paper sheet 112 is stored in a paper cassette 
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109 in front of the photosensitive drum 101 (on the right side in Fig. 12). However, a paper sheet can also be fed 
manual^. A pickup roller 110 is placed at an end portion of the paper cassette 109 to feed the paper sheet 112 from 
the paper cassette 109 into a convey path. ^i. MniBUM<te . 
[01221 In the above manner, the paper sheet 112 on which the unfixed toner .mage is transferred is conveyed to a 
f ixing device behind the photosensitfce drum 101 (on the left side in Fig. 12). The fixing device is confuted by a fixing 
roller 113 incorporating a fixing heater (not shown) and a press roller 114 placed in contact with the fixing roller 113. 
The fixing device fixes the unfixed toner image on the paper sheet 11 2 by heating the paper sheet 112 conveyed from 
the transferring unit while pressing it between the fixing roller 113 and the press portion of the press i roller 114. Fur- 
thermore, the image-fixed paper sheet 1 1 2 is discharged from the imagef orming apparatus by using a sheet discharging 
roller 116 placed behind the fixing roller 113. fnminrt 
[0123] Although not shown in Fig. 12, the printer controller 111 controls the respective units in the -image form ng 
apparatus including the motor 1 15 and the polygon motor in the optical scanning unit 1 00 as well as the data conversion 

[O^SrASoJding to the present invention, as described above, the optical element having the microstructure lattice 
designed to adjust a change in the amount of light transmitted which is caused as the incidence angle of a light beam 
changes from the central portion to the peripheral portion is applied to the scanning optical system to implement an 
optical element which can easily adjust the amount of light transmitted which is caused as the incidence angle of a 
light beam changes and a scanning optical system having the optical element. 

[01251 In addition, according to the present invention, an optical element which can make the l.ght amount distnbut.on 
on the scanning target surface uniform by reducing Fresnel reflection on the lens surface which causes flare or ghost 
without increasing a step such as a coating step, and an optical system having the optical element can be implemented. 
[01261 Furthermore, according to the present invention, as described above, an optical element which can make the 
illuminance distribution almost uniform in a wide area on an image surface and an optical system using the opt.cal 
element can be implemented. 



Claims 

1 An optical element having a microstructure lattice formed on at least one optical surface, characterized in that 
said microstructure lattice is formed from an arrangement for collecting a change in an amount of light trans- 
mitted which is caused as an incidence angle of a light beam changes from a central portion to a peripheral portion. 

2. An optical element according to claim 1 , characterized In that said microstructure lattice is a zero-order lattice. 

3. An optical element according to claim 1 or 2, characterized in that the optical surface is a lens surface, diffracting 
surface, or mirror surface, and comprises a flat or curved surface. 

4. An optical element according to claim 1 , 2, or 3, characterized in that said microstructure lattice is integrally 
formed with a substrate on which the optical surface is formed. 

5 An optical element according to any one of claims 1 to 4, characterized in that the arrangement for collecting the 
change in the amount of light transmitted is based on at least one of a lattice pitch, lattice depth, and lattice constant 
of said microstructure lattice. 

6. An optical element according to any one of claims 1 to 5, characterized in that a material for said microstructure 
lattice is a transparent resin or glass material. 

7. An optical system characterized by comprising said optical element according to any one of claims-1 to e, 

8 A scanning optical system for deflecting a light beam emitted from light source means by using deflecting means, 
guiding the light beam deflected by said deflecting means onto ascanning surface by using scanning optical means, 
and scanning the scanning surface, characterized in that 

said scanning optical means includes an optical element having a microstructure lattice formed on at least 
one optical surface, and said microstructure lattice is formed from an arrangement for collecting a change in an 
amount of light transmitted which is caused as an incidence angle of a light beam incident on said optical element 
from an on-axis position to an off-axis position. 

9. A scanning optical system according to claim 8, characterized in that the optical surface on which said micro- 
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structure lattice is formed is a surface, of optical surfaces of said scanning optical means, which exhibits a largest 
change in incidence angle due to a field angle. 

10. A scanning optical system according to claim 8, characterized in that said microstructure lattice is configured 
such that a direction of change in the total amount of light transmitted changing from a scanning center of an optical 
surface on which said microstructure lattice is provided to a scanning periphery is opposite to a direction of change 
in the total amount of light transmitted changing from a scanning center of an optical surface on which said micro- 
structure lattice is not provided to a scanning periphery. 

11. A scanning optical system according to claim 8, characterized in that said microstructure lattice is formed on all 
optical surfaces of said scanning optical means. 

12. A scanning optical system according to claim 8, characterized In that said microstructure lattice is a zero-order 
lattice. 

13. A scanning optical system according to claim 8, characterized In that each optical surface other than the surface 
on which said microstructure lattice is formed is formed from a refracting surface or/and a reflecting surface, and 
the change in the total amount of light beam transmitted said scanning optical means is based on a transmission 

^produced when an incidence angle of a light beam changes from a scanning center to a scanning periphery on 
the refracting surface or/and a reflectance produced when an incidence angle of a light beam changes from a 
scanning center to a scanning periphery on the reflecting surface. 

14. A scanning optical system according to claim 8, characterized in that letting 8 be a scanning angle, ld(8) be the 
total amount of light transmitted through said microstructure lattice at the scanning angle e, and lt(G) be the total 
amount of light transmitted, at the scanning angle 8, through an optical surface other than the optical surface on 
which said microstructure lattice is formed, 

0.8 < (ld(8) x lt(G))/(ld(0) x lt(0)) < 1.2 

is satisfied within ail of the scanning angle. 

15. A scanning optical system for deflecting a light beam emitted from light source means by using deflecting means, 
guiding the light beam deflected by said deflecting means onto a scanning surface by using scanning optical 
system, and scanning the scanning surface, characterized in that 

said scanning optical means includes an optical element having a microstructure lattice formed on at least 
one optical surface, and 

Py < Ay(Ns + Ni.sinei) 

is satisfied, where Py is a lattice pitch at a position y from a center at which a light beam reaching a predetermined 
image height on the scanning surface passes through said microstructure lattice, X is a wavelength of a light beam 
from the light source means, Gi is an incidence angle of a light beam at the position y, Ni is a refractive index of a 
medium on an incident side of said microstructure lattice, and Ns is a refractive index of a medium on an exit side 
of said microstructure lattice. 

16. A scanning optical system according to claim 15, characterized In that in order to reduce a light amount difference 
between a scanning center and a scanning periphery on a scanning surface, at least one of a lattice pitch, lattice 
depth, and lattice constant is determined for said microstructure lattice in accordance with an incidence angle at 
a position where a light beam reaching a predetermined image height passes through said microstructure lattice. 

17. A scanning optical system according to claim 1 5, characterized In that letting Pymax be a lattice pitch determined 
when a maximum incidence angle of a light beam incident on said microstructure lattice is set to Gymax, said 
microstructure lattice is formed at a pitch P given by 

P< Pymax 



13 



10 



15 



25 



EP 1 260 847 A2 

18 A scanning optical system according to claim 15, characterized in that at least one of a lattice pitch, lattice depth, 
and lattice constant is changed at a scanning center and a scanning periphery on said microstructure lattice in 
accordance with an incidence angle at a position where a light beam reaching a predetermined image height 
passes through said microstructure lattice. 

19 A scanning optical system according to any one of claims 15 to 18, characterized in that the optical surface on 
which said microstructure lattice is formed is a surface, of optical surfaces of said scanning optical means, which 
exhibits a largest change in incidence angle due to a field angle. 

20 A scanning optical system according to any one of claims 15 to 18, characterized in that said microstructure 
' lattice is configured such that a direction of change in the total amount of light transmitted changing from a scanning 

center of an optical surface on which said microstructure lattice is provided to a scanning periphery is opposite to 
a direction of change in the total amount of light transmitted changing from a scanning center of an optical surface 
on which said microstructure lattice is not provided to a scanning periphery. 

21. A scanning optical system according to any one of claims 15 to 18, characterized in that said microstructure 
lattice is formed on all optical surfaces of said scanning optical means. 

22 A scanning optical system according to any one of claims 15 to 21 , characterized in that said microstructure 
20 ' lattice is formed on an optical surface which is a spherical surface, aspherical surface, rotational asymmetncal 
curved surface, or diffracting surface. 

23. A scanning optical system according to any one of claims 15 to 21 , characterized in that said microstructure 
lattice is formed on a flat optical surface. 

24. A scanning optical system according to any one of claims 15 to 23, characterized in that a material for said 
microstructure lattice is a transparent resin or glass material. 

25 An image forming apparatus characterized by comprising said scanning optical system according to any one of 
claims 8 to 24, a photosensitive member placed on the scanning surface, a developing device which develops an 
electrostatic latent image, formed on said photosensitive member by a light beam scanned by said scanning optical 
system, as a toner image, a transferring device which transfers the developed toner image onto a transfer material, 
and a fixing deice which fixes the transferred toner image onto the transfer matenal. 

26 An image forming apparatus characterized by comprising said scanning optical system according to any one of 
' claims 8 to 24, and a printer controller which converts code data input from an external device into an image signal, 

and inputs the image signal to said scanning optical system. 

27. An optical element according to claim 1 , 

characterized in that, when the incidence angle of the light beam to be incident to said microstructure lattice is 
set 6 and an amount of light transmitted on said microstructure lattice surface is set ls(G), 

0.9 < ls(6)/ls(0) < 1.1 
is satisfied. 

28 A scanning optical system according to claim 8, characterized in that, when the incidence angle of the light beam 

' to be incident to said microstructure lattice is set 9 and an amount of light transmitted on said microstructure lattice 
so surface is set ls(6), 

o.9 < is(eyis(0) < 1.1 

55 is satisfied. 

29 A scanning optical system according to claim 15, characterized In that, when the incidence angle of the light 
" beam to be incident to said microstructure lattice is set G and an amount of light transmitted on said microstructure 
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FIG. 2 
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FIG. 3 

PITCH OF ZERO-ORDER LATTICE (A. =0.78, N= 1.524) 
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FIG. 4 
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FIG. 6 
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FIG. 8 
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FIG. 10 

ANGLE CHARACTERISTIC VS DEPTH OF LATTICE 
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FIG. 12 
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FIG. 14 
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